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I. INTRODUCTION
Ghost imaging allows the indirect retrieval of the image of an object illuminated by a spatially-structured pattern. The image is obtained from the correlation between the spatially-resolved structured illumination pattern and the total intensity transmitted through (or reflected by) the object 1, 2 . Ghost imaging has been extensively studied in the spatial domain since the mid-1990s, using various types of light sources ranging from spatially-entangled photons sources [2] [3] [4] [5] [6] to spatially incoherent classical light sources 2, [7] [8] [9] [10] [11] and, more recently, pre-programmed illumination by a spatial light modulator 12 our results open a new avenue to blindly detect and magnified ultrafast signals.
II. MAGNIFIED TIME-DOMAIN GHOST IMAGING USING DISPERSIVE FOURIER TRANSFORM
In time-domain ghost imaging, the fast temporal fluctuations of an incoherent light source are divided between a test arm where a temporal object modulates the intensity fluctuations of the source, and a reference arm where the fluctuations are resolved in real time in the image plane 21 (i.e. the plane of the detector, see Fig. 1 ). By correlating the time-resolved fluctuations from the reference arm with the total (integrated) power transmitted in the test arm, a perfect copy of the temporal object can be retrieved (see Fig. 1(a) ). The temporally incoherent light source may be a quasi-continuous wave source with a fluctuation time inversely proportional to the source bandwidth, or a pulsed source with large intensity variations within a single pulse and from pulse to pulse 24 . The correlation is calculated from multiple measurements synchronized with the temporal object. Note that the average intensity profile of the source over the measurement time window does not affect the ghost image. However, if the magnitude of the source intensity fluctuations varies over the duration of the temporal object (which can be the case especially for a pulsed source), the ghost image is distorted and requires post-processing correction 24 .
In order to obtain a magnified ghost image, the temporal fluctuations of the source in the reference arm must be magnified 24 whilst in the test arm one only needs to measure the total (integrated) intensity with no modification compared to standard time-domain ghost imaging (see Fig. 1 (b). Magnification of the source fluctuations can be, in principle, obtained using a time lens system [25] [26] [27] . However, time lens systems generally require complicated schemes to impose the necessary quadratic chirp onto the signal to be magnified and typically operate only at a fixed repetition rate with limited numerical apertures.
A more straightforward approach consists in using spectrum-to-time transformation of the random shot-to-shot spectral fluctuations of a pulsed incoherent light source as illustrated in after propagation in the second dispersive fiber of length
, such that the temporal fluctuations in the image plane are magnified by a factor M = time instant of the temporal object) actually includes the contribution from several spectral components. These spectral components propagate to the image plane with different groupvelocities due to dispersion (see Fig. 2(b) , which results in a "temporal blur effect" that limits the resolution of the imaging system. The temporal blur is defined as the delay τ s , in the image plane, between the frequencies corresponding to the temporal edges of the initial SC pulses and contributing to the same time instant in the ghost plane (see Supplement 1).
Basic geometric considerations in Fig. 2(b) show that:
For each SC pulse i, the oscilloscope records a pair of measurements: the magnified fluctuations I 
test . This pair is recorded N times, and the normalized correlation function which produces the ghost image is then calculated according to:
where represents the ensemble average over the N realizations (i = 1 . . . N ), and ∆I (i) =
III. EXPERIMENTAL SETUP
The experimental setup is illustrated in Fig. 3(a) . The light source is a spectrally filtered incoherent SC with large shot-to-shot spectral fluctuations. It is generated by injecting 0.5-ns pulses produced by an Erbium-doped fiber laser (Keopsys PEFL-KULT) operating at 1547 nm with 100-kHz repetition rate into the anomalous dispersion regime of a 6-m 
IV. RESULTS AND DISCUSSION
Initially (i.e. immediately after the spectral filtering stage), the SC has a bandwidth of 80 nm and the average duration of the SC pulses ∆T 0 was measured to be less than 200 ps.
Note that the duration of the SC after filtering is shorter than the original pump pulses.
At the ghost and object planes (i.e. after the first 2.5-km dispersive stage), the average duration of the SC pulses ∆T GP was measured to be c.a. 4 ns. The standard deviation of the magnitude of the fluctuations is nearly constant over this time span (see the dotted black curve in the inset of Fig. 3(b) , such that the ghost image will not be distorted. At the image plane (i.e. after the second 10-km dispersive stage), the average duration of the SC pulses ∆T IP was measured to be c.a. 20 ns, a 5 times increase compared to the original duration, as expected.
The correlation C(t) calculated over N = 100 000 SC pulses allows us to construct a ghost image magnified by a factor of M = 5, as shown in Fig. 4 . In this figure, we compare the ghost image with the original temporal object measured directly with a continuous-wave laser and 5-GHz photodiode (Thorlabs DET08CFC/M) and magnified 5 times through postprocessing. We can see excellent agreement, both in terms of duration and amplitudes ratio of the object pulses, confirming the 5-time magnification factor of the object duration in the ghost imaging configuration.
There are some constraints which need to be considered for optimum resolution of the temporal object. Firstly, the time span of the fluctuations in the ghost plane (i.e. the duration of the SC pulses after the first dispersive fiber ∆T GP ) needs to be longer or equal to that of the temporal object to be retrieved. This criterion is actually satisfied in our experiment, since ∆T GP ≈ 4 ns and the total duration of the object is only 3. in the image plane, as discussed in the previous section (see Fig. 2(b) . The overall resolution can then be approximated as
The resolution of the magnified ghost imaging system is illustrated in Fig. 5 
V. CONCLUSIONS
Using dispersive spectrum-to-time transformation of the fluctuations of an incoherent supercontinuum we have demonstrated ghost imaging with magnification in the time domain.
This approach can pave the way for overcoming the limited resolution of the standard timedomain ghost imaging whilst requiring only simple modifications of the experimental setup.
We emphasize that the magnified approach demonstrated here is also insensitive to any distortion that would affect the light field after the object. Our results open novel perspectives for dynamic imaging of ultrafast waveforms with potential applications in communications and spectroscopy.
